Objectives: The high concentration of smokers among subgroups targeted by the Affordable Care Act and the historically worse health and lower access to health care among smokers warrants an evaluation of how Medicaid expansion affects smokers. We evaluated the impact of Medicaid expansion on smoking behavior, access to health care, and health of lowincome adults, and we compared outcomes of all low-income people with outcomes of low-income current smokers by states' Medicaid expansion status.
In 2010, President Obama signed the Patient Protection and Affordable Care Act into law, with a primary goal of reducing the large number of people lacking health insurance, estimated then at approximately 50 million people.
1,2 The Affordable Care Act contains multiple programs and initiatives aimed at improving the affordability, accessibility, and quality of health care services in the United States. One of the most important components of the Affordable Care Act is the option for states to expand their Medicaid coverage to families with income levels 138% of the federal poverty level, with the cost of health insurance expansion to state governments covered 100% by the federal government during the first 3 years (2014-2016), dropping to 95% during the following 3 years (2017-2019), and dropping again to 90% from 2020 and thereafter. 2, 3 After the 2012 landmark Supreme Court decision to allow states to opt out of Medicaid expansion, 19 states opted out.
4,5
Medicaid expansion is largely responsible for the unprecedented reduction in the number of uninsured Americans. This reduction, an estimated 20 million people, includes an estimated 15 million newly insured people in expansion states. 6 Rates of having no insurance in expansion states dropped 26 percentage points compared with a 10 percentage-point drop in rates of having no insurance in nonexpansion states in the 2 years after state Medicaid expansion (2014 and 2015) relative to the 2 years before expansion (2012 and 2013). 7 Initial evaluations of state Medicaid expansion found substantial improvements in health insurance coverage among vulnerable populations, including those with lower socioeconomic status and those in racial/ ethnic minority groups. [7] [8] [9] Overall, evaluations of state Medicaid expansion indicate improvements in access to and use of health care services as a result of increased insurance coverage. [10] [11] [12] [13] Evaluating the impact of changes in insurance coverage, especially increased access to preventive services, among vulnerable populations may identify mechanisms for improving the health outcomes of these populations. 14, 15 One subgroup of the low-income population targeted by the Affordable Care Act is cigarette smokers. Cigarette smokers were disproportionately poor and less likely to be insured than their nonsmoking counterparts before passage of the Affordable Care Act. 16, 17 Access to health insurance coverage for current smokers increases the use of not only smoking cessation resources but also other preventive health care services. 16, 18 Despite smoking rates in the United States dropping from 43% in 1965 to 18% in 2014, exposure to tobacco smoke is the leading preventable cause of death in the United States, and it results in nearly $333 billion in medical expenses and lost productivity annually. Tobacco smoking leads to an increased risk of disease in every organ system, and it is associated with a 10-year shorter life expectancy among smokers compared with nonsmokers. 19 Evaluating the gains in insurance and health among current smokers after state Medicaid expansion can provide information about the ability for Medicaid expansion to improve the high rates of morbidity and mortality among smokers. A 2017 study examined the potential for expanded access to insurance among lowincome populations to influence the use of preventive services, rates of cigarette smoking and other risky behaviors, and health; however, the study did not control for state-level tobacco control policies. 20 To date, evaluations of how insurance expansion affected the insurance status and health of low-income smokers are lacking. This study compared states that expanded Medicaid with states that did not expand Medicaid, with a primary goal of providing evidence about the impact of health insurance expansion on smoking behavior, access to health care, and health for low-income people in general and current cigarette smokers in particular.
Methods

Data
Data for this study came from the Behavioral Risk Factor Surveillance System (BRFSS), 21 a state-based, telephoneadministered, cross-sectional survey supported by the Centers for Disease Control and Prevention that contains questions about individuals' health-related behaviors, health care service access and use, and health status. 22, 23 The use of random-digit-dialing methods paired with its complex survey weighting design make the BRFSS representative of adults aged 18 or older in the United States. We used responses to the core questionnaire administered through landline telephone and cellular telephone calls to all 50 states and Washington, DC, from 2011 through 2016. Because of a change in the weighting methodology introduced in 2011, it is advised to not compare data before 2011 with data after 2011. 24 Analyses in this study used data weighted by year according to the specified BRFSS methodology.
Analytic Sample
We limited the analytic sample to adults aged 18-64. Older adults aged 65 may not be affected by the Medicaid expansion because of Medicare eligibility. 13, 25, 26 Although Medicaid expansion in the Affordable Care Act targets people living at 138% of the federal poverty level, the incomerelated data provided by the BRFSS do not allow such specificity. Those who reported an annual household income of <$25 000 were considered to be low income and were included in the sample population, as in previous studies using BRFSS data. [27] [28] [29] [30] [31] Using the entire low-income sample, we created an analytic subsample of low-income smokers by using the computed smoking status variable in the BRFSS data set. In this subsample, we included adults who responded as "current smoker-now smokes every day" or "current smoker-now smokes some days." The analytic sample included 390 938 low-income adults and 130 537 low-income smokers.
Outcomes
We examined 4 main outcome measures: health insurance coverage, having good or better health, smoking behavior, and cost-related barriers to receiving health care (ie, needing to see a physician in the past 12 months but being unable to because of cost). Our analysis on smoking behavior among all lowincome adults used a smoking behavior outcome that measured whether an adult reported being a current smoker (ie, "current smoker-now smokes every day" or "current smoker-now smokes some days"). For the subgroup analysis of smoking behavior among current smokers, our smoking behavior outcome measured whether the current smoker reported smoking every day. We used everyday smoking as an outcome measure among the current smoker subpopulation to assess changes in smoking intensity among current smokers.
Primary Exposure Variable
The primary exposure variable in our study was the expan 33 of expansion and nonexpansion states. In the first sensitivity analysis, we removed states (and Washington, DC) from our analyses that expanded before 2014 (Delaware, Massachusetts, New York, and Vermont), later in 2014 than the January 1, 2014, date (Michigan and New Hampshire), and states that expanded after 2014 (Alaska, Indiana, Louisiana, Montana, and Pennsylvania). In the second sensitivity analysis, we included states (and Washington, DC) that expanded Medicaid before January 1, 2014 (Delaware, Massachusetts, New York, and Vermont), as nonexpansion states. 33 However, results did not differ significantly by using the alternate definitions.
Statistical Analysis
We tabulated the numbers of records from expansion and nonexpansion states before and after Affordable Care Act Medicaid expansion (January 1, 2014). We tabulated the unweighted count of individual records after pooling records for the 3 years before (2011, 2012, and 2013) and the 3 years after (2014, 2015, and 2016) the Medicaid expansion date (Table 1) . We also tabulated data on demographic characteristics for the population and subpopulation across the study period.
We conducted a quasi-experimental analysis by using the difference-in-difference approach. 34 This approach corrects many of the endogeneity problems encountered in nonrandomized experimental designs, and it is an excellent approach for measuring the impact of policy changes such as the Affordable Care Act on patient health outcomes. It compares the difference in an outcome variable between nonexpansion states and expansion states before and after January 1, 2014, to determine the impact of Medicaid expansion absent external secular trends by using nonexpansion states as a counterfactual.
We used multivariable linear probability ordinary least squares regression to analyze each defined outcome measure, controlling for individual-and area-level factors that have been found to influence smoking behavior and have been used in other Medicaid expansion studies. 7, 32, [35] [36] [37] [38] Linear probability models are frequently used in analyses using the difference-in-difference approach because of the ability to directly interpret the interaction coefficients. 39 We multiplied our difference-in-difference interaction coefficients by 100 to provide easy-to-interpret values; therefore, all difference-in-difference values are presented as percentage points. Covariates were age (18-24, 25-34, 35-44, 45-54 , or 55-64), marital status (married, divorced, or other), sex (male or female), race/ethnicity (white, black, Hispanic, or other), metropolitan status (a binary variable equal to 1 if the individual resided in the county containing the center city of a metropolitan statistical area or 0 otherwise), education 41 "No provision" included states with no ban on smoking; "banned" included states with a ban on smoking; and "partial ban on smoking" included states with designated areas, separate ventilated areas, and designated smoking areas according to the Centers for Disease Control and Prevention's tobacco legislation database. 41 We used adjusted Wald w 2 tests to test for differences between the difference-indifference coefficients for the low-income population and for the low-income smoker subpopulation for rates of health insurance coverage, reported health, and cost-related barriers to care. We considered P < .05 to be significant. An assumption of difference-in-difference analysis is that the trends in the treatment (ie, expansion) and control (ie, nonexpansion) groups are parallel before the intervention and that they will remain parallel if the intervention did not occur. 42 We created plots for the unadjusted trends in each outcome variable for the expansion and nonexpansion states during the study period, and we used interaction terms between expansion status and a time variable to evaluate the parallel trends assumption in the 3 years before Medicaid expansion (ie, 2011-2013) . We determined the rates of each outcome using BRFSS weighting procedures but unadjusted for other variables. We excluded people with missing responses on any of the included variables from the final data set so that analyses included all people from the sample population or subpopulation. We conducted all analyses by using subpopulation survey analyses in STATA version 12. 43 We used the centered specification, which uses the population mean rather than the strata mean, to calculate strata variances in strata with only 1 sampling unit. Because this study used publicly available deidentified data, it was considered exempt from institutional review board review according to the University of Arkansas for Medical Sciences.
Results
Adults in expansion and nonexpansion states differed by demographic and health characteristics as well as smoking policies (Table 2) . Compared with adults in expansion states, low-income adults in nonexpansion states had a higher likelihood of being black (24.1% vs 14.5%), not receiving health care in the past 12 months because of costs (36.9% vs 29.3%), and lacking health care insurance (58.7% vs 69.1%). Additionally, compared with expansion states, nonexpansion states were less likely to have bans on indoor smoking and had a lower percentage of suggested spending devoted to tobacco control. In expansion states, low-income smokers were less likely than the entire low-income population to complete college (4.9% vs 9.1%), have an annual household income of $15 000-<$25 000 (46.6% vs 44.7%), or have good or better health (63.2% vs 69.6%), and they were more likely to not receive health care in the past 12 months because of costs (34.5% vs 29.3%).
The interaction coefficients for the insurance status outcome variables were significant both in the total low-income population and in the low-income smoker population (Table  3) . Low-income adults residing in expansion states had a 4.7 percentage-point (95% confidence interval [CI], 3.5-5.8; P < .001) increased probability of having insurance and a 1.4 percentage-point (95% CI, -2.5 to -0.3; P ¼ .015) reduction in cost-related barriers to care compared with low-income adults in nonexpansion states after Medicaid expansion. Current smokers from expansion states had a 7.6 percentagepoint (95% CI, 5.7-9.6; P < .001) increased probability of having insurance and a 2.0 percentage-point (95% CI, -3.9 to -0.1; P ¼ .044) reduction in cost-related barriers to care compared with current smokers in nonexpansion states. Low-income adults residing in expansion states had a 1.6 percentage-point (95% CI, 0.6-2.7; P ¼ .003) increased probability of reporting good or better health compared with lowincome adults in nonexpansion states, whereas low-income smokers residing in expansion states had a 3.2 percentagepoint (95% CI, 1.3-5.2; P ¼ .001) increased probability of reporting good or better health compared with low-income smokers residing in nonexpansion states.
The gains in health insurance coverage and in reported health were larger for low-income smokers than for the total low-income population. Although the percentage of insured nonelderly, low-income adults increased more rapidly in expansion states than in nonexpansion states after the expansion date, this improvement was more distinct among the current smoker subpopulation (F ¼ 12.60, P < .001) (Figure) . Additionally, we found greater improvement in the health of current smokers in expansion states than in nonexpansion states (F ¼ 3.97, P ¼ .046). Although the baseline rates for each measure between groups differed in the 3 years before Medicaid expansion, the differences were not significant. We found no significant differences in the interaction term between expansion status and a yearly time variable before Medicaid expansion.
Discussion
We found that state Medicaid expansion was associated with improvements in health insurance coverage, health status, and access to health care services. The findings from this study confirm previous evaluations that found positive elsewhere. 40 Quartile ranking was used as the variable in the regression, with quartile 1 as the reference category. Quartiles were 0.0%-7.2%, 7.3%-17.9%, 18.0%-36.0%, and >36.0%. effects of Medicaid expansion on health status and health insurance coverage. 13, 44 Although insurance rates and health status improved during the study period for the entire lowincome population, the subset of low-income smokers in expansion states had relatively greater improvements in health insurance coverage and in reported health status compared with the total low-income population.
Despite improvements in access to health care and in overall health status, smoking behavior did not improve. It is possible that individuals may have had improved access to smoking cessation resources through gains in insurance; however, the difficulty to quit smoking and the relatively low uptake of insurance-covered tobacco cessation resources may have contributed to the lack of improvement in smoking behavior. 13, [45] [46] [47] The lack of an obvious impact of Medicaid expansion on cigarette smoking behavior aligns with the conclusions of a previous study. 20 Our study adds to this literature by including state-level covariates for tobacco control policies and by providing a separate analysis on insurance coverage, health status, and everyday smoking behavior among low-income current smokers. Continuing evaluation of potential mechanisms that could affect smoking and other health behaviors of current smokers could provide policy makers and public health officials with information to create We multiplied difference-in-difference coefficients by 100 to provide percentage-point changes in outcome variables in expansion compared with nonexpansion states. Significance was determined by using the t test from the interaction term of each difference-in-difference analysis. P < .05 was considered significant. Current smokers were adults who responded "current smoker-now smokes every day" or "current smoker-now smokes some days" to the smoking behavior question on the Behavioral Risk Factor Surveillance System survey.
programs that can most effectively reduce poor health outcomes and high health care costs among this population. Although our findings suggest no improvement in smoking behavior among those in expansion states compared with nonexpansion states, the greater improvements in health and access to care among low-income smokers in expansion states should lead to additional research. Long-term evaluations of Medicaid expansion in Oregon, which occurred 6 years before 
Limitations
This study had several limitations. First, changes in the health care environment that could affect smoking and insurance rates outside of the direct expansion of Medicaid could have influenced the outcome variables. For example, states differ in mandatory Medicaid coverage of various smoking cessation treatments, which could affect smoking behaviors. 48 Second, data from the BRFSS, a patient-reported survey, may not accurately represent smoking behavior, because consumers have an incentive to underreport use based on the Affordable Care Act allowing discrimination based on smoking status. This discrimination is the same in expansion and nonexpansion states, which could limit the impact of the provision on reported smoking status. Additionally, use of the BRFSS did not allow for exact specification of eligibility for Medicaid, which may have biased results. Relatedly, a more fine-grained indication of income level may allow for additional analyses, such as the differential impacts of insurance gains among people who may be eligible for federal insurance premium assistance. Third, individuals may not have been able to change their smoking behavior in such a short time period after Medicaid reform. 13, 45 Evaluating smoking habits over time may provide a better indication of changes in risk preferences from increased access to health services. Finally, our study examined rates of insurance status, good or better health, and smoking behaviors aggregated at the state level. State-level aggregated data may not capture the effect of the change in insurance status on an individual's propensity to smoke some days or every day.
Conclusions
Our study found improved insurance, access to health care services, and health status among low-income smokers in Medicaid expansion states compared with the overall lowincome adult population. The differential gain in insurance among low-income smokers indicates the potential for future health benefits from increased access to smoking cessation resources through Medicaid expansion. Improved access to health services and health that could influence smoking behavior warrants continued monitoring.
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